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(57) ABSTRACT 

Pad electrodes 115 for connection to leads 9 and pad 
electrodes 125 for an internal interface are provided over a 
main surface of an LSI chip 103. The pad electrodes 115 of 
the LS1 chip 113 and the pad electrodes 125 both placed over 
the main surface thereof are respectively electrically con 
nected to one another by Wires 117, Whereby some of 
circuits required as for a system LSI, Which are not included 
in the LS1 chip 103, are placed over the LS1 chip 113 to 
implement a desired function used as for the system LSI by 
the tWo LSI chips. Thus, the system LSI is easily imple 
mented by a semiconductor device Wherein a plurality of 
LSI chips are sealed With a resin. 
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SEMICONDUCTOR DEVICE AND METHOD OF 
MANUFACTURING SAME 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a semiconductor 
device Wherein a plurality of semiconductor elements are 
sealed With a resin. 

[0003] 2. Description of the Related Art 

[0004] In general, one has heretofore been knoWn as a 
semiconductor device, Wherein a semiconductor element or 
chip (hereinafter called “LSI chip”) incorporating therein 
Large Scale Integration (hereinafter called “LSI”) in Which 
a plurality of circuits are integrated, is sealed With a resin. 

[0005] FIG. 16 is a cross-sectional vieW shoWing an 
internal structure of a conventional semiconductor device 1. 
As shoWn in FIG. 16, an LSI chip 3 is ?xedly placed over 
a die 8 With an adhesive. A plurality of pad electrodes 5 
placed over a main surface of the LSI chip 3 are electrically 
connected to their corresponding leads 9 each of Which 
serves as a terminal for connection to the outside and is 
composed of a conductive material, by Wires 7 used as metal 
thin lines or Wires. The LSI chip, 3, the pad electrodes 5, the 
die 8, the Wires 7 and parts (corresponding to portions called 
“inner leads”) of the leads 9, Which include portions con 
nected to the Wires 7 respectively, are sealed With an 
insulating resin 10. The semiconductor device 1 is electri 
cally connected to another device by parts (corresponding to 
portions called “outer leads”) of the leads 9 having led out 
of the resin 10, e.g., With a printed Wiring board interposed 
therebetWeen, Whereby the transfer of signals therebetWeen 
and the like are carried out. 

[0006] When the LSI chip 3 is a system LSI for imple 
menting combined functions of a core of a central process 
ing unit (hereinafter called “CPU”), a memory, other circuits 
used for peripheral functions, etc. as in the case of, for 
example, a microcomputer (hereinafter called “micon”) or 
the like, these functions are placed over the same semicon 
ductor substrate in mixed form. Therefore, When the system 
LSI is equipped With a DRAM (Dynamic Random Access 
Memory) or a batch erasable EEPROM (Electrically Eras 
able Programmable Read Only Memory), a peculiar manu 
facturing process is required Which is not included in a 
manufacturing process (hereinafter called “Logic process”) 
for implementing the CPU core and the circuits for the 
peripheral functions. As a result, a manufacturing process 
(corresponding to a process for mixing of Logic and 
memory) peculiar to the system LSI is applied thereto to 
develop products With a vieW toWard implementing such a 
system LSI. 

[0007] A semiconductor device in Which a plurality of LSI 
chips are sealed With a resin to bring it to the commercial 
stage (i.e., a plurality of semiconductor elements are stored 
or held in one package), has appeared in recent years. Such 
a semiconductor device is referred to as “MCP (Multiple 
Chip Package) type”. The semiconductor device of the MCP 
type is applied to a memory-system LSI. The semiconductor 
device is applied to, for example, a case in Which memories 
identical in type are held or accommodated in one package 
to implement an increase in memory capacity, or a case in 
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Which memories of types different in function from one 
another are held in one package to thereby implement space 
saving. 
[0008] FIG. 17 is a cross-sectional vieW shoWing an 
internal structure of an MCP type semiconductor device 11. 
FIG. 18 is a plan vieW illustrating the internal structure of 
the MCP type semiconductor device 11. In FIGS. 17 and 18, 
elements of structure structurally similar to those shoWn in 
FIG. 16 are identi?ed by the same reference numerals. 

[0009] As shoWn in FIGS. 17 and 18, an LSI chip 3 
?xedly disposed With an adhesive is placed on a die 8. A 
plurality of pad electrodes 5 respectively electrically con 
nected to leads 9 by Wires 7 are placed over a main surface 
of the LSI chip 3. Further, an LSI chip 13 is ?xedly placed 
over the main surface of the LSI chip 3 With an insulative 
adhesive interposed therebetWeen. A plurality of pad elec 
trodes 15 are disposed over a main surface of the LSI chip 
13. These pad electrodes 15 are electrically connected to 
their corresponding ones of the leads 9 by Wires 17. These 
tWo LSI chips 3 and 13, parts of the leads 9, Which include 
portions Where they are respectively connected to the Wires 
7 and 17, and the die 8 are sealed With a resin 10. 

[0010] Thus, the MCP type semiconductor device 11 is 
con?gured so as to accommodate or hold a plurality of the 
LSI chips 3 and 13 in one package and have the leads 9 for 
connection to the outsides of the LSI chips 3 and 13. 

[0011] As such an MCP-compatible semiconductor device 
11, there is knoWn one like BGA (Ball Grid Array), for 
example. This has such a structure that different types of 
memories such as a SRAM (Static Random Access 
Memory), a batch erasable EEPROM, etc. are held or stored 
in one package, and input/output terminals of the memories 
are respectively individually connected to the leads 9 to 
independently activate the memories respectively. OWing to 
such a structure, the functions corresponding to the tWo LSI 
chips can be implemented by a space for one LSI chip. 

[0012] Thus, in the LSI, particularly, the system LSI built 
in the semiconductor device, a mixed process is applied 
thereto to develop products. In the memory-system LSI, the 
MCP type semiconductor device is applied to implement an 
increase in memory capacity and bring different memories 
into combined form, thereby developing each product. 

[0013] HoWever, the semiconductor device equipped With 
the system LSI has the folloWing problems in that it is 
manufactured over the same semiconductor substrate 
according to a speci?c process obtained by integrating a 
manufacturing process peculiar to each memory into a Logic 
process. 

[0014] A ?rst problem is that since the number of masks 
increases compared With a Logic-single manufacturing pro 
cess or a memory-single manufacturing process, a reduction 
in yield occurs. Asecond problem is that the speci?c process 
no alloWs the facilitation of an improvement in the perfor 
mance of a circuit for a Logic unit and an improvement in 
the performance of a memory unit. A third problem is that 
since the manufacturing process becomes complex, TAT 
becomes long. A fourth problem is that since the manufac 
turing process is complicated and the number of masks 
increases, process costs are raised. A?fth problem is that the 
development itself of a process used for LSI obtained by 
mixing an LSI comprising an SOI (Silicon On Insulator) 
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process Which purses a loW voltage/loW current operation 
and an LSI comprising a special process for fabricating 
high-Withstand elementary devices (high-Withstand MOS 
transistors, etc.) together is so dif?cult from a technical 
vieWpoint. 

[0015] In an LSI to Which a ?ner deep sub-micron manu 
facturing process is applied, a reduction in voltage (about 
0.8V to 1.5V) is accelerated even in a Logic process from 
noW on in particular. Thus, a plurality of voltages including 
a high voltage (e.g., 8V to 12V) higher than a source voltage 
(e.g., 3.3V or 5V) are required upon reWriting and reading 
of data as in the case of the batch erasable EEPROM. It is 
therefore dif?cult to implement a system LSI (such as a 
batch erasable memory-equipped micon or the like) con?g 
ured by integrating a high-Withstand process for building 
high-Withstand elementary devices therein and the Logic 
process therein. 

[0016] Since the MCP type semiconductor device aims to 
increase the capacity of each memory and provide space 
saving as described above, limitations are imposed on the 
provision of leads for each individual LSIs to accommodate 
or hold the same types of memory system LSIs in one 
package or hold different types of memory system LSIs in 
one package and independently operate the different types of 
memory system LSIs respectively. Therefore, nothing Was 
found to implement the system LSI for the MCP type 
semiconductor device. 

[0017] The present invention aims to solve the above 
problems and make it possible to easily implement a system 
LSI by a semiconductor device Wherein a plurality of LSI 
chips are sealed With a resin. 

[0018] Further, the present invention aims to solve prob 
lems developed upon implementation of a system LSI by a 
semiconductor device Wherein a plurality of LSI chips are 
sealed With a resin, and implement the system LSI Without 
impairing a function de?ned as for the system LSI as 
compared With the prior art. 

SUMMARY OF THE INVENTION 

[0019] The present invention has been made to solve the 
foregoing problems and provides, as a means, a semicon 
ductor device Wherein a ?rst semiconductor element and a 
second semiconductor element are sealed With a resin, 
comprising a plurality of ?rst pad electrodes Which are 
placed over a main surface of the ?rst semiconductor 
element and Which are respectively electrically connected to 
any of a plurality of circuits provided over the ?rst semi 
conductor element and electrically connected to their cor 
responding plural terminals used for connection to the 
outside, a plurality of second pad electrodes placed over the 
main surface of the ?rst semiconductor element and respec 
tively electrically connected to any of the plural circuits 
provided over the ?rst semiconductor element, and a plu 
rality of third pad electrodes Which are placed over a main 
surface of the second semiconductor element and Which are 
respectively electrically connected to circuits provided over 
the second semiconductor element and electrically con 
nected to their corresponding second pad electrodes, and 
Wherein the ?rst semiconductor element eXecutes a prede 
termined function by using the circuits provided over the 
second semiconductor element. 

Oct. 30, 2003 

[0020] In the semiconductor device of the present inven 
tion oWing to such a con?guration, the second pad electrodes 
and the third pad electrodes are electrically connected to one 
another to alloW the transfer of signals betWeen the circuits 
provided over the ?rst semiconductor element and the 
circuits provided over the second semiconductor element. 
These tWo semiconductor elements are capable of imple 
menting one function provided as for a system LSI. There 
fore, the ?rst semiconductor element and the second semi 
conductor element can be manufactured individually, thus 
making it possible to solve the above problems. 

[0021] In the present invention as Well, contrivances such 
as the placement or layout of the second pad electrodes, the 
supply of a source voltage or a ground voltage employed in 
the second semiconductor element, the placement of means 
for selecting Whether the circuits provided Within the second 
semiconductor element should be used, etc. make it possible 
to solve even problems developed upon implementation of 
a system LSI by an MCP type semiconductor device. 

[0022] Typical ones of various inventions of the present 
application have been shoWn in brief. HoWever, the various 
inventions of the present application and speci?c con?gu 
rations of these inventions Will be understood from the 
folloWing description. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0023] While the speci?cation concludes With claims par 
ticularly pointing out and distinctly claiming the subject 
matter Which is regarded as the invention, it is believed that 
the invention, the objects and features of the invention and 
further objects, features and advantages thereof Will be 
better understood from the folloWing description taken in 
connection With the accompanying draWings in Which: 

[0024] FIG. 1 is a cross-sectional vieW shoWing an inter 
nal structure of an MCP type semiconductor device 100 
according to a ?rst embodiment of the present invention; 

[0025] FIG. 2 is a plan vieW illustrating the internal 
structure of the MCP type semiconductor device 100 accord 
ing to the ?rst embodiment of the present invention; 

[0026] FIG. 3 is a perspective vieW for describing the 
assembly of the semiconductor device 100 shoWn in FIG. 1; 

[0027] FIG. 4 is a block diagram shoWing a con?guration 
of a micon 50 equipped With a batch erasable EEPROM; 

[0028] FIG. 5 is a plan vieW illustrating an internal 
structure of an MCP type semiconductor device according to 
a second embodiment of the present invention, and is a vieW 
of the semiconductor device used as an EEPROM version 

micon; 

[0029] FIG. 6 is a plan vieW depicting the internal struc 
ture of the MCP type semiconductor device according to the 
second embodiment of the present invention and is a vieW of 
the semiconductor device used as a mask ROM version 

micon; 

[0030] FIG. 7 is a diagram shoWing a circuit of an LSI 
chip 203 connected to a pad electrode 205a; 

[0031] FIG. 8 is a conceptional diagram of a selector 
circuit 260 to Which a select signal SEL is inputted; 
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[0032] FIG. 9 is a speci?c circuit diagram of the selector 
circuit 260; 

[0033] FIG. 10 is a plan vieW of a semiconductor device 
illustrative of a modi?cation of FIG. 2; 

[0034] FIG. 11 is a plan vieW of a semiconductor device 
illustrative of another modi?cation of FIG. 2; 

[0035] FIG. 12 is a plan vieW of a semiconductor device 
shoWing an application of FIG. 11; 

[0036] FIG. 13 is a plan vieW of a semiconductor device 
shoWing a modi?cation of FIG. 12; 

[0037] FIG. 14 is a plan vieW of a semiconductor device 
depicting an application of FIG. 13; 

[0038] FIG. 15 is a plan vieW of a semiconductor device 
shoWing a modi?cation associated With Wire boding; 

[0039] FIG. 16 is a cross-sectional vieW shoWing a con 
ventional semiconductor device; 

[0040] FIG. 17 is a cross-sectional vieW illustrating 
another conventional semiconductor device; 

[0041] FIG. 18 is a plan vieW depicting the semiconductor 
device shoWn in FIG. 17; 

[0042] FIG. 19 is a diagram shoWing a modi?cation of a 
circuit for an LSI chip 203, Which is connected to a pad 
electrode 205a; 

[0043] FIG. 20 is a plan vieW illustrating an internal 
structure of an MCP type semiconductor device illustrative 
of a modi?cation of the second embodiment of the present 
invention; 
[0044] FIG. 21 is a diagram depicting a circuit for an LSI 
chip 203 connected to a pad electrode 205a and a pad 
electrode 205b,' 

[0045] FIG. 22 is a diagram shoWing the layout of pad 
electrodes and leads employed in the modi?cation of the 
present invention; 

[0046] FIG. 23 is a diagram illustrating another eXample 
of a circuit for an LSI chip 203 connected to a pad electrode 
205a and a pad electrode 205b,' 

[0047] FIG. 24 is a diagram shoWing the layout of internal 
circuits Where a batch erasable EEPROM is used as an LSI 
chip 913 corresponding to the LSI chip 203; 

[0048] FIG. 25 is a plan vieW depicting an LSI chip 903 
stacked on a main surface of the LSI chip 913; 

[0049] FIG. 26 is a plan vieW illustrating the relationship 
of placement betWeen the LSI chip 903 and the internal 
circuits in the LSI chip 913 both shoWn in FIG. 25; 

[0050] FIG. 27 is a cross-sectional vieW of a semicon 
ductor device Wherein the tWo stacked LSI chips shoWn in 
FIG. 25 are resin-encapsulated; 

[0051] FIG. 28 is a vieW shoWing a modi?cation of the 
layout of the internal circuits in the LSI chip 913; 

[0052] FIG. 29 is a plan vieW illustrating an LSI chip 903 
layered over the main surface of the LSI chip 913 in the 
modi?cation shoWn in FIG. 28; 

[0053] FIG. 30 is a cross-sectional vieW (corresponding to 
a cross-sectional vieW taken along line A-A‘) depicting a 
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semiconductor device Wherein the tWo layered LSI chips 
shoWn in FIG. 29 are resin-encapsulated; and 

[0054] FIG. 31 is a cross-sectional vieW (corresponding to 
a cross-sectional vieW taken along line B-B‘) shoWing a 
semiconductor device Wherein the tWo stacked LSI chips 
shoWn in FIG. 29 are resin-encapsulated. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0055] Semiconductor devices of the present invention 
Will hereinafter be described in detail With reference to the 
accompanying draWings. FIG. 1 is a cross-sectional vieW 
shoWing an internal structure of an MCP type semiconductor 
device 100 according to a ?rst embodiment of the present 
invention, and FIG. 2 is a plan vieW illustrating the internal 
structure of the semiconductor device 100, respectively. In 
FIG. 1, the same elements of structure as those shoWn in 
FIGS. 16 through 18 are identi?ed by the same reference 
numerals. 

[0056] In FIGS. 1 and 2, the semiconductor device 100 
has an LSI chip 103 Which serves as a ?rst semiconductor 
element, and an LSI chip 113 Which serves as a second 
semiconductor element. The LSI chip 103 and the LSI chip 
113 are both similar in shape to each other (rectangular in the 
present invention). 
[0057] The LSI chip 103 is ?Xed and placed on a substan 
tially central area of a die 8 With an adhesive provided 
betWeen the reverse side or back of the LSI chip 103 and the 
die 8. A plurality of ?rst pad electrodes 105 are placed over 
a main surface of the LSI chip 103. In the ?rst embodiment, 
the respective pad electrodes 105 are respectively placed in 
line along the tWo parallel sides of the LSI chip 103. 

[0058] Further, a plurality of second pad electrodes 125 
are placed over the main surface of the LSI chip 103. The 
respective pad electrodes 125 are disposed at arbitrary 
positions around an area Where the LSI chip 113 is placed. 

[0059] The LSI chip 113 smaller than the LSI chip 103 in 
siZe is ?Xed and placed on a substantially central area of the 
LSI chip 103 With an adhesive provided betWeen the back of 
the LSI 113 and the main surface of the LSI chip 103. 
Incidentally, the main surface of the LSI chip 103 may 
desirably be comprised of an insulating protective ?lm to 
avoid a needless electrical connection to the LSI chip 113. 
A plurality of third pad electrodes 115 are placed over the 
main surface of the LSI chip 113. In the ?rst embodiment, 
the pad electrodes 115 are respectively placed in line along 
the tWo sides (corresponding to the sides along Which the 
second pad electrodes 125 are arranged) of the LSI chip 113. 

[0060] The plurality of ?rst pad electrodes 105 are elec 
trically connected to their corresponding leads 9 through 
Wires 107. Each of the plurality of second pad electrodes 125 
is electrically connected to any of the plurality of third pad 
electrodes 115 corresponding thereto through a Wire 117. 

[0061] The LSI chips 103 and 113, the die 8, the Wires 107 
and 117, and some of the leads 9, Which include portions 
thereof connected to the Wires 107, are sealed With a resin 
10. 

[0062] FIG. 3 is a perspective vieW for describing the 
assembly of the semiconductor device shoWn in FIG. 1. 
Incidentally, some of the leads 9 and Wires 107 are omitted 
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from FIG. 3 because FIG. 3 is used for the description of its 
assembly. As shown in FIG. 3, an LSI chip 103 having ?rst 
pad electrodes 105 and second pad electrodes 125 is ?rst 
prepared. Upon the manufacture of the LSI chip 103 at this 
time, the pad electrodes 125 are con?gured so as to be placed 
around an area 103a on a main surface on Which the LSI chip 
113 is to be placed subsequently. Further, the LSI chip 113 
is additionally manufactured and prepared independently of 
the manufacture of the LSI chip 103. At this time, the 
placement or layout of pad electrodes 115 may be set 
according to positions to place the pad electrodes 125 thereat 
in order to make Wire bonding to be executed subsequently 
easier and avoid a short circuit or the like developed betWeen 
Wires. The layout of the pad electrodes 125 on the LSI chip 
103 and the layout of the pad electrodes 115 on the LSI chip 
113 can be handled as folloWs: If either one of both the pad 
electrodes is determined in advance upon design of a circuit 
layout used for the LSI chip With either one of the pad 
electrodes placed thereon, the LSI chip With the other pad 
electrodes placed thereon can also cope With their placement 
With ease. 

[0063] The ?rst pad electrodes 105 of the LSI chip 103 and 
the leads 9 are respectively electrically connected to one 
another by the Wires 107. AfterWards, the LSI chip 113 is 
placed over the area 103a to be located in place, on the main 
surface of the LSI chip 103. Thereafter, the pad electrodes 
115 and the pad electrodes 125 are electrically connected to 
one another by Wire bonding. Incidentally, a method of 
manufacturing the semiconductor device is not limited to it. 
Before the ?rst pad electrodes 105 of the LSI chip 103 and 
the leads 9 are electrically connected to one another by the 
Wires 107 respectively, the LSI chip 113 is placed over the 
area 103a to be located in place on the main surface of the 
LSI chip 103. Thereafter, the electrical connections betWeen 
the ?rst pad electrodes 105 and the leads 9 by the Wires 107 
and the electrical connections betWeen the pad electrodes 
115 and the pad electrodes 125 by the Wires 117 may be 
performed. The latter can be eXpected to become ef?cient 
because a Wire bonding process can collectively carried out. 

[0064] Thus, the semiconductor device according to the 
?rst embodiment is one Wherein the LSI chips 103 and 113 
are singly developed respectively and the transfer of signals 
betWeen these tWo LSI chips is performed using the pad 
electrodes 125 provided over the LSI chip 103 after the 
fabrication of the LSI chips, Whereby one function (corre 
sponding to a function used as a system LSI) is imple 
mented. 

[0065] A typical eXample of the system LSI applied to the 
semiconductor device of the present invention Will be 
explained using a micon equipped With a batch erasable 
EEPROM. FIG. 4 is a block diagram shoWing a con?gu 
ration of a micon 50 equipped With a batch erasable 
EEPROM. 

[0066] As shoWn in FIG. 4, the micon 50 comprises 
various components such as peripheral functions such as a 
CPU 51, a timer 58, a serial-parallel converter 59, etc., an 
SRAM 55 used to hold data therein and transmit it there 
from, a batch erasable EEPRROM 53 used as a program 
mable memory With various instructions stored therein, an 
input/output interface 57, etc. 

[0067] These respective components are connected to one 
another so as to be capable of performing the transfer of 
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signals therebetWeen through the use of a number of signal 
lines and buses. Acommon bus 56 is used to transfer a signal 
outputted from the timer 58 through a signal line 66 and 
transfer a signal outputted from the serial-parallel converter 
through a signal line 67. Further, the common bus 56 is used 
to sWap data With the CPU 51 through a signal line 61 and 
sWap addresses and data With the SRAM 55 through a signal 
line 62, for eXample. A signal line 63 transmits control 
signals such as a Write instruction signal, etc. outputted from 
the CPU 51 to the SRAM 55. The input/output interface 57 
is used to transfer data received from outside through a 
signal line 69 to the CPU 51 through a signal line 64. The 
signal line 64 is used to transfer the control signals sent from 
the CPU 51 to the input/output interface 57. Asignal line 65 
is used to transfer data read from the SRAM 55 to the 
input/output interface 57 and receive a signal sent from the 
input/output interface 57. The input/output interface 57 
performs sWapping of signals such as data With the outside 
through the signal line 69. 

[0068] The EEPROM 53 sends programs such as instruc 
tions stored therein to the CPU 51 through the use of a signal 
line 68. Further, the EEPROM 53 selects a desired program 
according to each address sent from the CPU 51 through the 
signal line 68. Namely, the signal line 68 comprises plural 
signal lines such as an address bus, a data bus, a memory 
control signal line, a source voltage supply line for the 
EEPROM 53, etc. 

[0069] In the semiconductor device 100 according to the 
?rst embodiment of the present invention, the LSI chip 113 
is de?ned as a memory system LSI equipped With the 
EEPROM 53 shoWn in FIG. 4, Whereas the LSI chip 103 is 
de?ned as a Logic system LSI loaded With other components 
shoWn in FIG. 4 eXcept for the EEPROM 53. 

[0070] Therefore, the plurality of pad electrodes 115 of the 
LSI chip 113 and the plurality of pad electrodes 125 of the 
LSI chip 103 are respectively used to perform signal sWap 
ping similar to the signal line 68 shoWn in FIG. 4. In other 
Words, the plurality of pad electrodes 115 of the LSI chip 113 
and the plurality of pad electrodes 125 of the LSI chip 103 
are electrically connected to one another by the Wires 117 to 
thereby make it possible to implement the signal sWapping 
similar to the signal line 68. 

[0071] As described above, the second pad electrodes 125 
provided over the LSI chip 103 serve as electrode pads used 
to interface With the LSI chip 113. The pad electrodes 125 
are used to alloW the sWapping of signals With the LSI chip 
113, thereby making it possible to activate the system LSI or 
LSI chip as the micon equipped With the batch erasable 
EEPROM. Further, any neW restrictions are not imposed on 
the number of the conventional leads and their placement 
and hence the leads 9 may be handled in a manner similar 
to the prior art. 

[0072] In the ?rst embodiment of the present invention, 
the tWo LSI chips of the LSI chip 103 and the LSI chip 113 
held in one package are used to thereby alloW them to 
operate as one micon. Therefore, the semiconductor device 
according to the ?rst embodiment of the present invention 
can obtain the folloWing advantageous effects. 

[0073] Since the LSI chip 103 used as the ?rst semicon 
ductor element and the LSI chip 113 used as the second 
semiconductor element can respectively be manufactured 
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individually, the respective LSI chip can be manufactured in 
parallel. Thus, TAT for development and manufacture can be 
shortened. 

[0074] Since the LSI chip 103 can be manufactured in the 
Logic process and the LSI chip 113 can be fabricated in a 
process peculiar to a memory, respectively, it is not neces 
sary to develop a miXed process obtained by a combination 
of the Logic process and the memory process. In particular, 
an LSI comprised of an LSI-peculiar high-Withstand process 
Which needs high-Withstand elementary devices as in the 
batch erasable EEPROM, and an LSI comprised of an SOI 
process can also be utiliZed in combination, thereby making 
it possible to implement the development of a system LSI 
having a more advanced function. 

[0075] The semiconductor device is implemented by a 
laminated layer of the LSI chips, and the layout and the 
number of the leads 9 may be handled in a manner similar 
to the LSI chip 103 used as one semiconductor element. It 
is therefore unnecessary to increase a siZe used as for the 
semiconductor device and additionally develop a lead frame. 
A semiconductor device manufactured in the conventional 
miXed process can be applied as it is. 

[0076] Upon bringing a micon to the commercial stage, a 
form having a product (hereinafter called “mask ROM 
version micon”) using a mask ROM in Which softWare 
(program) is ?xed as a program memory, and a product 
(hereinafter called “EEPROM version micon”) using a soft 
Ware-changeable EEPROM even after the program memory 
is built in LSI, is common upon implementation of the same 
function Where a circuit portion corresponding to hardWare 
like a CPU or a DSP (Digital Signal Processor) and a 
program memory corresponding to softWare are miXed 
together to implement one function. In addition to the above, 
there are knoWn one Wherein an EPROM is provided for 
softWare and a package is provided With a WindoW for 
ultraviolet radiation, an OTP (One Time Programming) 
version micon Which alloWs program Writing only once 
Without providing the WindoW, etc. 

[0077] In general, the EEPROM version micon is capable 
of performing Writing of data into an EEPROM, i.e., reWrit 
ing of softWare, etc. even after the EEPROM is incorporated 
into an LSI as a program memory. Therefore, the EEPROM 
version micon is applied to obtain the folloWing advanta 
geous effect. 

[0078] The ?rst is to make it possible to develop and 
debug softWare immediately before the shipment of micon’s 
products. The second is to make it possible to cope With the 
occurrence of a soft bug and meet an improvement (version 
up or the like) in product because it is possible to reWrite 
softWare even after the shipment of micon’s products. 

[0079] Namely, the EEPROM version micon is used for 
product development intended for a neW ?eld, Which is 
predicated on the reWriting of programs, With a vieW toWard 
performing the shortening of TAT for product development, 
an improvement in function, etc. 

[0080] Since, hoWever, a voltage higher than a source 
voltage is used for the Writing of data, etc., the EEPROM 
version micon needs a special manufacturing process and 
tends to increase in manufacturing cost. 

[0081] On the other hand, although there is a small dif 
ference according to the type of mask ROMs to be placed, 
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the mask ROM version micon can be manufactured by using 
masks used in a common Logic process, such as a metal 
layer, a contact layer, an implanted layer, etc. and fabricating 
a ?Xed program code mask. Therefore, since the mask ROM 
version micon no requires the special manufacturing pro 
cess, the manufacturing cost thereof can be brought to a loW 
cost (about 1/2 to 1/3 the manufacturing cost of the EEPROM 
version micon). 

[0082] Since there is a difference in manufacturing cost in 
this Way, the EEPROM version micon and the mask ROM 
version micon are commonly applied as folloWs: 

[0083] Upon development of each micon’s product, the 
EEPROM version micon is ?rst used to alloW the reWriting 
of a program. HardWare and softWare are debugged in a state 
in Which the reWriting of the program has been made 
possible. 

[0084] Immediately after the commencement of the mass 
production of micon’s products, the EEPROM version 
micon is applied as for mass production. This is carried out 
to alloW the handling of program bugs apt to occur in case 
of emergency. 

[0085] Market track records (such as the situation With 
regard to the occurrence of program bugs, etc.) are con 
?rmed after the shipment of each product as the EEPROM 
version micon, and the EEPROM version micon is changed 
to a mask ROM version micon capable of implementing the 
same function under stable conditions. 

[0086] Thus, the EEPROM version micon is applied upon 
development and initial mass-production shipment. There 
fore, if consideration is given to the number of life-cycle 
shipments of such types of micons, then the mask ROM 
version micon rather than the EEPROM version micon 
predominates. 

[0087] Therefore, When the development of micons each 
having a neW function is taken into consideration, the 
development of the EEPROM version micon reduced in 
mass-production number must also be carried out together 
With the development of the mask ROM version micon. 
Thus, When the micons having the neW functions are 
released, TAT, the number of man-hours, and the cost of 
development increase respectively. In particular, the 
EEPROM version micon reduced in mass-production num 
ber is deteriorated in investment ef?ciency. 

[0088] Since the EEPROM version micon and the mask 
ROM version micon need the implementation of the same 
function, the EEPROM version micon must realiZe various 
characteristics equivalent to those of the mask ROM version 
micon Which takes a ?nal form. The various characteristics 
include current consumption, latch-up characteristics, noise 
characteristics, etc. as Well as electrical characteristics and 
functions. If substantially the same various characteristics 
are not obtained from the EEPROM version micon and the 
mask ROM version micon, then a problem arises in that a 
difference occurs in EMC specs. A problem arises in that 
When the EEPROM version micon is replaced by the mask 
ROM version micon, for example, an operating margin 
thereof increases, noise increases, a re-adjustment thereof is 
required because the accuracy of an analog circuit built in 
the micon varies, the amount of current consumption 
changes, and the lifetime of a battery changes. 
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[0089] A second embodiment provides one to Which the 
semiconductor device according to the ?rst embodiment of 
the present invention is applied, and Which is improved so 
as to solve the above-described problems Which arise 
betWeen the EEPROM version micon and the mask ROM 
version micon. A semiconductor device according to the 
second embodiment of the present invention Will be 
described beloW With reference to the draWings. FIGS. 5 
and 6 are respectively plan vieWs of the semiconductor 
device according to the second embodiment of the present 
invention. FIG. 5 is a vieW shoWing the semiconductor 
device used as an EEPROM version micon, and FIG. 6 is a 
vieW shoWing the semiconductor device used as a mask 
ROM version micon, respectively. FIGS. 5 and 6 corre 
spond to FIG. 2. The same elements of structure as those 
shoWn in FIG. 2 are identi?ed by the same reference 
numerals. 

[0090] In FIG. 5, an EEPROM de?ned as a program 
memory is placed over an LSI chip 213. An LSI chip 203 
having a main surface on Which the LSI chip 213 is placed, 
is equipped With a mask ROM de?ned as a program memory 
and With all of circuits required as for a micon other than the 
program memory. 

[0091] A plurality of pad electrodes 225 placed over the 
main surface of the LSI chip 203 are electrically connected 
to their corresponding ones of a plurality of pad electrodes 
215 placed over a main surface of the LSI chip 213 by Wires 
217. Further, a plurality of leads 9 are electrically connected 
to their corresponding ones of a plurality of pad electrodes 
205 by Wires 207. 

[0092] In the LSI chip 203, a selecting pad electrode 205a 
is provided as one of the ?rst pad electrodes 205. In the 
EEPROM version micon shoWn in FIG. 5, the pad electrode 
205a is electrically connected to its corresponding lead 9a 
for a source voltage by a Wire 207a. The lead 9a for the 
source voltage is also connected to its corresponding pad 
electrode 205 for the source voltage. 

[0093] The mask ROM version micon shoWn in FIG. 6 
does not have the LSI chip 213. Therefore, any of the pad 
electrodes 225 is not subjected to Wire bonding. The LSI 
chip 203 is equipped With a mask ROM 222. Further, the pad 
electrode 205a is Wire-bonded to its corresponding lead 9a 
for the source voltage. 

[0094] A description Will noW be made of the relationship 
betWeen the pad electrode 205a of the LSI chip 203 and a 
circuit placed inside the LSI chip 203. FIG. 7 is a vieW 
shoWing the circuit in the LSI chip 203, Which is connected 
to its corresponding pad electrode 205a. 

[0095] In FIG. 7, the pad electrode 205a is electrically 
connected to a grounded pull-doWn resistor 251 and elec 
trically connected to one input terminal of an AND gate 253. 
Areset signal RES for initialiZation of the micon is inputted 
to the other input terminal of the AND gate 253 through a 
delay buffer 257. An output terminal of the AND gate 253 
is electrically connected to an input terminal D of a latch 
circuit (hereinafter called “LAT”) 255. The reset signal RES 
is inputted to a clock terminal of the LAT 255. A signal 
outputted from the LAT 255 is inputted to an internal circuit 
to be described later as a select signal SEL. Incidentally, a 
?ip-?op may be used as the LAT 255 in FIG. 7. Incidentally, 
the AND gate 253 may not be provided. HoWever, the AND 
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gate 253 may preferably be provided to stabiliZe the poten 
tial level of a signal inputted to the input terminal D of the 
LAT 255. If, for eXample, an analog sWitch Whose conduc 
tion is controlled based on the reset signal RES, is to receive 
the signal inputted through the input terminal D inside the 
LAT 255, it is then unnecessary to provide the AND gate 
253. If the signal inputted from the input terminal D is to be 
received by an inverter inside the LAT 255, then the AND 
gate 253 may preferably be provided because the state of 
operation of the inverter can reliably be stabiliZed. 

[0096] The operation of the circuit shoWn in FIG. 7 Will 
be described. NoW consider Where the pad electrode 205a is 
electrically connected to its corresponding lead 9a for the 
source voltage by Wire bonding as shoWn in FIG. 5. There 
fore, a signal having a source potential level (hereinafter 
called “H level”) is inputted to one input terminal of the 
AND gate 253. Upon initialiZation of a micon, the reset 
signal RES changes from a ground potential level (herein 
after called “L level”) to the H level. At this time, the 
potential level of a signal outputted from the AND gate 253 
is brought to the H level. AfterWards, the potential level of 
the reset signal RES changes from the H level to the L level 
With deinitialiZation of the micon. The LAT 255 captures or 
takes in a signal received at the input terminal D in response 
to the falling edge of the reset signal RES (H through-L latch 
type). OWing to the provision of the buffer 257, the potential 
level of the signal captured by the LAT 255 results in one set 
according to a potential level at the pad electrode 205a. As 
a result, the potential level of the select signal SEL corre 
sponding to an output signal of the LAT 255 is brought to the 
H level. 

[0097] Let’s also assume that the pad electrode 205a is 
electrically disconnected from the leads 9a for the source 
voltage by Wire bonding as shoWn in FIG. 6. Therefore, the 
level of the potential applied to one input terminal of the 
AND gate 253 is brought to the L level by the pull-doWn 
resistor 251. Thereafter, the potential level of the reset signal 
RES changes from the L level to the H level in the same 
manner as described above. In response to the change of the 
reset signal RES to the L level again, the LAT 255 captures 
a signal received at the input terminal D. As a result, the 
potential level of a select signal SEL corresponding to an 
output signal of the LAT 255 is brought to the L level. 

[0098] Thus, the potential level of the select signal SEL 
can be selected according to Whether the pad electrode 205a 
is connected to the lead 9a by Wire bonding. 

[0099] Adescription Will neXt be made of the circuit lying 
Within the LSI chip 203, to Which the select signal SEL is 
inputted. FIG. 8 is a vieW shoWing the concept of a selection 
circuit 260 to Which the select signal SEL is inputted, and 
FIG. 9 is a speci?c circuit diagram of the selection circuit 
260, respectively. Incidentally, FIGS. 8 and 9 respectively 
shoW an eXample in Which the EEPROM placed on the LSI 
chip 213 and the mask ROM placed on the LSI chip 203 
handle 8-bit data. 

[0100] In FIG. 8, data D0 through D7 sent from the 
EEPROM placed on the LSI chip 213 are inputted to one 
input terminal (0 side input) of the selection circuit 260. 
Further, data D‘O through D‘7 sent from the mask ROM 
placed on the LSI chip 203 are inputted to one input terminal 
(1 side input) of the selection circuit 260. While the numbers 
of signal lines for transferring the data D0 through D7 and 


























